Aim: To investigate the expression profile of microRNAs in inoperable advanced non-small cell lung cancer (NSCLC) patients receiving chemotherapy and the potential relevance of microRNAs to clinicopathological characteristics and prognosis. Methods: Serum samples were taken from 260 inoperable advanced NSCLC patients and 260 healthy individuals. All the patients received cisplatin-based chemotherapy, including NP/NC regimens, GP/GC regimens, and TP/TC regimens. The serum levels of microRNAs (miR-125b, miR-10b, miR-34a and miR-155) were determined by quantitative real-time PCR. Results: Serum levels of the 4 microRNAs examined in NSCLC patients were significantly increased as compared with healthy individuals. The levels of miR-125b and miR-155 were changed in a similar pattern: the patients with stage IV disease had the highest one, while the patients with stage III A and stage III B disease showed similar increased levels. The levels of miR-10b and miR-34a in the patients with different stages were increased to similar extent. The level of miR-125b in poorly differentiated cancer was significantly higher than those in well and moderately differentiated cancers, while the levels of miR-10b, miR-34a, and miR-155 did not significantly differ with cancer differentiation. Among the 4 microRNAs examined, only miR-125b was significantly associated with therapeutic response, exhibiting higher expression levels in non-responsive patients. Furthermore, the high level of miR-125b was significantly correlated with poor patient survival. A multivariate Cox regression analysis showed that the expression level of miR-125b was an independent prognostic marker in NSCLC patients. Conclusion: Our results suggest that miR-125b is a potential diagnostic or prognostic biomarker for NSCLC. This finding has important implications for development of targeted therapeutics to overcome chemotherapeutic resistance in NSCLC.
Introduction
Lung cancer is currently the most widespread cancer worldwide [1] . Non-small cell lung cancer (NSCLC) accounts for 80% of all lung cancers. Although there has been some progress in the treatment of NSCLC in recent years, patient prognosis remains very poor, particularly for advanced NSCLC [2] [3] [4] . Chemotherapy is an important component in the treatment paradigm for NSCLC. Cisplatin-based chemotherapy is the first line of treatment for advanced inoperable NSCLC; however, the chemotherapy response rate varies among patients [5] [6] [7] [8] . The mechanisms accounting for the different responses to chemotherapy in NSCLC patients remain unclear. There is no validated sensitivity/resistance predictive marker available in the clinical setting. The identification of predictive markers for chemotherapy response is clinically warranted to further improve the efficacy of chemotherapy treatment in advanced NSCLC.
MicroRNAs (miRNAs) represent a class of small non-coding RNAs. These single-stranded molecules have a length of 19-23 nucleotides and regulate gene expression at the posttranscriptional level, thus controlling crucial physiological processes through three mechanisms: binding to complementary sequences on target messenger RNA transcripts (mRNAs), repressing mRNA translation and cleaving target mRNA [9, 10] . Furthermore, increasing evidence shows that miRNAs can act as oncogenes or tumor suppressors and may play important roles in tumorigenesis [11] [12] [13] . Therefore, miRNA expression profiles may become useful biomarkers for cancer diagnosis, prognosis and prediction of treatment-response www.nature.com/aps Cui EH et al
Acta Pharmacologica Sinica npg and may serve as powerful tools for cancer prevention and therapy [14] [15] [16] [17] [18] [19] . In recent years, some miRNAs have also been reported to be involved in drug-resistance in diseases such as breast cancer [3] , chronic lymphocytic leukemia [20] , metastatic colorectal cancer [21] and esophageal cancer [22] . A recent study investigated the association between the expression of several miRNAs and chemotherapeutic resistance in breast cancer. The author found that only miR-125b was significantly associated with a therapeutic response, exhibiting higher expression levels in non-responsive patients. This finding suggests that miR-125b is a good biomarker for chemotherapy response in cancer patients [3] . To date, there has been no report on the role of circulating miRNAs in the chemotherapy response status and prognosis of NSCLC.
The aim of this study was to clarify these issues in a Chinese cohort with advanced NSCLC receiving cisplatin-based chemotherapy. In this study, we measured the serum levels of circulating miRNAs in advanced inoperable NSCLC patients receiving chemotherapy and investigated the relationship between circulating miRNA expression and clinical features, chemotherapeutic response and prognosis.
Materials and methods

Patients
Patients received cisplatin-based chemotherapy treatment for NSCLC between January 2009 and December 2011 from Huzhou Central Hospital. A total of 260 patients, including 99 stage III A, 101 stage III B and 60 stage IV patients, were enrolled in this study. Before starting the treatment, the patients underwent a baseline blood draw for miRNA expression profiling. To avoid the potential influence of poor clinical conditions on chemotherapy response, other eligibility criteria included the following: normal blood chemistry (hemoglobin >0.9 g/L, neutrophil count >1500/mm 3 and platelet count >100 000/mm 3 ), normal hepatic (bilirubin <1.5 times the normal upper limit, aspartate aminotransferase and alanine aminotransferase <2 times the normal upper limit) and renal (Creatine clearance rate >50 mL/s) functions and a normal electrocardiogram at the beginning of treatment. The exclusion criteria included symptomatic brain metastases, spinal cord compression, uncontrolled massive pleural effusion, previous chemotherapy treatment and other chronic disease. In addition, 260 age-and sex-matched healthy adults with no history of cancer were recruited as controls. Serum samples were processed within 2-5 h after collection. First, the serum was separated by centrifugation at 4000 rounds per minute for 10 min, and then, potential contaminating cells were removed by a 13-mm serum filter (Thermo Fisher Scientific Inc, USA). The samples were divided into aliquots and immediately cryopreserved at -80 °C until use. The study was approved by the ethics committees of Huzhou Central Hospital, and written informed consent was obtained from each participant.
Chemotherapy regimens and therapeutic effect evaluation
All patients received platinum-based chemotherapy: 18 (6.9%) received NP/NC regimens (vinorelbine plus cisplatin/carboplatin), 132 (50.8%) received GP/GC regimens (gemcitabine plus cisplatin/carboplatin), and 110 (42.3%) received TP/TC regimens (taxol/docetaxel plus cisplatin/carboplatin). The chemotherapy protocol and dosage regimens were previously described [23] . Patients achieving a complete response (CR) or partial response (PR) were considered responders. Nonresponders were categorized as either disease stabilization (SD) or disease progression (PD).
Extraction of total RNA and real-time PCR MiRNA profiling was performed using serum samples derived from the 260 patients and 260 healthy individuals. Total RNA was isolated with TRIzol LS reagent (Invitrogen, San Diego, CA, USA) according to the manufacturer's instructions. The RNA extraction was performed using acid-phenol and chloroform, and the precipitation was carried out using ethanol and a filter cartridge. The extracted RNA was eluted in 100 mL of preheated Elution Solution and measured on a NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific Inc, USA). The RNA samples were immediately stored at -80 °C until use.
For quantitative real-time PCR, miRNA-specific TaqMan MicroRNA Assays (Applied Biosystems, Foster City, CA, USA) for miR-16 (reference miR), miR-10b, miR-34a, miR125b, and miR-155 were performed as described by the manufacturer. Briefly, 100 ng of total RNA was reverse transcribed using primers specific to each miRNA target, followed by realtime PCR on a 7900 HT Fast Real-Time PCR System using TaqMan miRNA primers and probes (Applied Biosystems, Foster City, CA, USA). Triplicate samples, validated endogenous controls and interassay controls were used throughout. MiRNA expression levels were calculated by the ΔC t method: ΔC t =mean value C t (reference miR-16)-mean value C t (miRNA of interest). The relative expression of the miRNA of interest corresponded to the 2 ΔCt value [4] .
Statistical analyses
Statistical analyses were performed with SPSS (Statistical Package for the Social Sciences) software, version 16.0. The data were presented as the mean±standard deviation (SD), and either the chi-square analysis or the two-tailed Student's t-test was used to assess the association between microRNAs in the serum and clinical features, chemotherapeutic response and NSCLC prognosis. The correlation between overall survival and serum miRNA levels was analyzed using the KaplanMeier method and the log-rank test. A multivariate analysis of the independent prognostic factors was conducted using the Cox proportional hazards model. All statistical tests were two-sided, and a P value of <0.05 was considered statistically significant.
Results
Patient characteristics
Among the 260 patients with NSCLC, 198 were male and 62 were female. The mean age and sex distributions of the NSCLC subjects were similar between the NSCLC patients (Table 1) . NSCLC patients had a significantly higher smoking rate than controls (P<0.001). The expression of miR-125b, miR-34a, miR-10b, and miR-155 was compared between NSCLC patients and the control group, and statistical significance was calculated as described in the Materials and methods section. Details are shown in Table 1 . Table 1 depicts the correlation between the circulating miRNA levels in the 260 patients, who had advanced NSCLC and received cisplatin-based chemotherapy, and clinical factors. The level of miR-125b was significantly higher in patients with late stage disease (stage IV, P<0.001) but similar in patients with stage III A and stage III B disease (P=0.065) (Figure 1) . A similar trend was observed in miR-155 expression among patients with stage III A, III B, and IV disease. The level of miR-155 in stage IV patients was significantly higher than in patients with stage III A and III B disease (P<0.01, Figure 1 ). Circulating miR-10b and miR-34a levels did not differ significantly in each comparison.
We next investigated whether miRNA levels were affected by tumor status (Figure 2 ). The level of miR-125b in poorly differentiated cancer was higher than that in well and moderately differentiated cancers (P=0.0021, P=0.0015, respectively). The levels of miR-10b, miR-34a, and miR-155 did not significantly differ according cancer differentiation. All of the levels of the various miRNAs were similar by histological type of cancer, including adenocarcinoma, squamous cell carcinoma, large cell carcinoma and others. Table 2 ). The other miRNA expression levels were similar between responders and nonresponders (P>0.05).
Circulating miRNA expression levels and overall survival According to the mean miRNA expression levels shown in Table 1 , all NSCLC subjects could be divided into either high expression (including those whose miRNA levels were higher than their respective mean miRNA expression levels) or low expression groups (including those whose miRNA levels were lower than their respective mean miRNA expression levels). A Kaplan-Meier survival analysis revealed that high expression of serum miR-125b was significantly correlated with poor patient survival (P=0.0012, Figure 3 ). Patients with high expression of serum miR-155 had poorer survival rates than those with low expression (P=0.052). There were no significant differences between the high expression groups and the low expression groups for circulating miR-10b and miR-34a. A multivariate Cox regression analysis showed that the expression level of miR-125b was an independent prognostic marker in NSCLC patients (HR=2.03; 95%CI, 1. 
Discussion
MiRNAs regulate gene expression by binding to and modulating the translation of specific miRNAs. We investigated the possible association between several circulating miRNAs, including miR-125b, miR-10b, miR-34a, and miR-155, and clinical features, chemotherapeutic response and prognosis in advanced inoperable NSCLC patients receiving chemotherapy. While miR-125b expression in tumor tissues has been studied in various cancers, the expression of circulating miR125b has not been reported in NSCLC. In this study, circulating miR-125b was significantly associated with cancer stage, tumor differentiation status and therapeutic response. Patients with high expression of serum miR-155 had poorer survival. Our results suggest a possible role for miR-125b as a circulating predictor of chemotherapy response and prognosis after chemotherapy in NSCLC patients. To the best of our knowledge, this is the first report regarding the role of miR-125b in NSCLC patients.
MiR-125b has been reported to have complicated oncogenelike or tumor suppressor-like functions in different cancer types or cell lines. A previous study showed that circulating miR-125b expression correlated with chemotherapeutic resistance in breast cancer patients [3] . In that study, higher circulating miR-125b levels were correlated with adjuvant chemotherapy resistance; the higher the level of miR-125b expression, the greater the resistance [3] . Another study showed that miR-125b conferred cisplatin resistance to ovarian cancer cells by targeting the pro-apoptotic Bcl-2 antagonist killer [5] . In addition, upregulation of miR-125b expression contributed to cisplatin resistance. This finding suggests that miR-125b is not only a marker for chemotherapeutic response but can also be used as a target for targeted therapeutics designed to overcome cisplatin resistance in ovarian cancer [5] . Our data show that circulating miR-125b levels affect the chemotherapy response and prognosis in NSCLC patients. The mechanism of how miR-125b affects chemotherapy resistance/response has not been fully elucidated. Current evidence suggests that miR-125b affects cell apoptosis and proliferation, because upregulation of miR-125b causes marked inhibition of cisplatin-induced apoptosis and subsequently increases the resistance to cisplatin [19, 24, 25] . Ectopic miR-34a expression has also been shown to result in cell cycle arrest, growth inhibition and attenuated chemoresistance to the anticancer drug camptothecin by inducing apoptosis, suggesting that miR-34a has a potential role in the treatment of p53-defective prostate cancer [26] . However, current clinical studies of NSCLC and our present study do not support this hypothesis. A possible explanation is that the effect of miR-34a as an anti-tumor agent is cancer type-specific.
Our study does have some limitations. First, we only enrolled patients with advanced NSCLC, and early stage I and stage II NSCLC patients were excluded. Therefore, the role of miR-125b in NSCLC was only partially investigated. Second, we did not carry out in vitro studies to further explore the molecular mechanism under which miR-125b influences the chemotherapy response in NSCLC. Therefore, further in vivo and in vitro functional and clinical studies would be carried out in our later work.
